Biotransformation or drug-metabolising enzymes have an important function in the detoxication of ingested toxic, carcinogenic, or tumour promoting compounds. Enzyme activity and isoenzyme composition of three biotransformation systems: glutathione Stransferase, uridine diphosphate-glucuronosyltransferase, and cytochrome P-450 were studied in normal small and large intestinal mucosa from three kidney donors. The activity of most drug-metabolising enzymes decreases slightly from proximal to distal small intestine, whereas in the mucosa of the large intestine a sharp fall in activity was observed. The isoenzyme composition for each of the three biotransformation systems changed from the small to the large intestine. Class Alpha glutathione S-transferases were not expressed in the colon, in contrast to the small intestine where both Alpha and Pi class isoenzymes are present. In addition, with monoclonal antibodies fewer protein bands for UDP-glucuronosyltransferases and cytochrome P-450 were detected in the colon. In the small intestine both isoforms P-4504 and P-450, were present, whereas in the colon only reduced amounts of cytochrome P-4504 could be visualised. For UDP-glucuronosyltransferase, 53 and 54 kDa proteins could be detected in the small intestine, but in the colon there was only weak staining ofthe 54 kDa band. In the normal human colon enzymes are less active and there are fewer isoenzymes present in the mucosa than in the small intestine. This implies a lower level of the detoxifying potential in the colon, which might be important in regard to the high rates ofcarcinogenesis in the colon.
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In the cytosolic fractions specific activity of glutathione S-transferase was determined (Fig  1) . Activities are highest in the proximal small intestine and show a sharp fall from small to large intestine.
The longitudinal distribution of microsomal UDP-glucuronosyltransferases with bilirubin and 4-nitrophenol as substrates is also shown in Figure 1 . In the small intestine activity of 4-nitrophenol UDP-glucuronosyltransferase is more or less constant, whereas the conjugation of bilirubin is decreasing. In the three subjects investigated a dramatic fall in activity for 4-nitrophenol as well as for bilirubin UDP-glucuronosyltransferase in the large intestine was observed.
Small and large intestinal glutathione S-transferases were purified by affinity chromatography on glutathione-agarose. These purified preparations are shown in Figure 2 . Glutathione S transferases from small intestine are composed of both class Alpha (25 kDa subunits) and class Pi (24 kDa subunits) isoenzymes. In purified glutathione S-transferase preparations from colonic mucosa, after Coomassie brilliant blue staining only class Pi transferases were present. With a monoclonal antibody developed against glutathione S-transferase Pi from human placenta23 1 2 3 4 5 6 7 8 9 101112t 13 14 this isoenzyme was indeed readily shown in cytosolic fractions from both small and large intestine (Fig 3) .
By immunodetection, using a monoclonal antibody against class Mu glutathione S-transferases,24 small amounts of this isoform were detected in all intestinal segments from two patients (not shown). In the intestine from patient 1 this isoenzyme was absent. Hepatic glutathione S-transferases from patient 3 are also shown in Figure 2 . Here only class Alpha isoforms and no class Pi subunits are present.
On a Western blot, small intestinal microsomes from patients 2 and 3, incubated with a monoclonal antibody against UDPglucuronosyltransferase, show two very close bands. In the corresponding colonic microsomes, even when twice as much protein is applied to the gel, only a very weak protein band is visible (Fig 4) . Intestinal microsomes from patient 1 gave only very weak bands in the small intestine and no staining at all in the colon (not shown).
A Western blot of small intestinal microsomes, treated with a monoclonal antibody against cytochromes P-4504,5,6, shows two bands of 52 and 54 kDa (Fig 5) . In the proximal small intestine from patient 1, the 54 kDa band is very weak (Fig 5,  panel A) . In colonic microsomes the 52 kDa band is not detectable. Figure 6 shows that immunodetection of cytochrome P-4505 is possible only in small intestinal, but not in colonic, microsomes from all subjects. It The presence of bilirubin UDP-glucuronosyltransferase activity in the small intestines from all subjects investigated once again confirms that bilirubin metabolism is not restricted to the liver.5 12 2930 Moreover, specific activities of hepatic and small intestinal bilirubin UDP-glucuronosyltransferase do not differ dramatically (mean (SEM) 704 (42) and 343 (22) nmol/g tissue/h, respectively; data are from patient 3). Similar data obtained from another patient have been reported before. ' Immunoblot studies with an antibody against UDP-glucuronosyltransferase show two close bands in the small intestine, whereas in colonic mucosa both bands were hardly visible. The two small intestinal bands (53 and 54 kDa) may correspond to activities for bilirubin (53 kDa) and 4-nitrophenol (54 kDa).5 Both activities are drastically reduced in the colon, and here the amount of UDP-glucuronosyltransferase protein may be below the detection limit for immunoblots.
For isoenzymes of the cytochrome P-450 biotransformation system a similar case exists. Isoform P-450, is detectable in the small intestine but not in the colon. Another isoenzyme, probably P-4504, is present in both colonic and small intestinal mucosa. Since more large intestinal miciosomes were loaded onto the gel it may be concluded from the immunoblot in Figure 5 that the levels of P-4504 in the colon of all patients are lower compared with those in the small intestine.
The above experimental data on biotransformation enzyme activities in the intestines of healthy kidney donors show a constant or decreasing activity along the small intestine and a significant fall in activity in the colon. For all three enzyme systems investigated here the number of isoenzymes in the colon is reduced. This pattern of both reduced enzyme activities and isoenzyme composition undoubtedly will result in a lower level ofdetoxication in the colon. Activities of biotransformation enzymes in the colon may further decrease with increasing age.'43' In addition, levels of j3-glucuronidase are highest in the colon.32 This could result in less toxic glucuronides becoming toxic again by deconjugation. Indeed, high concentrations of mutagens have been detected in the human colon.33 In conclusion, the detoxicating capacity in the human colon could be at a critical low level which may contribute to the high rate of colonic cancer.
